Objective: To assess the prevalence of overweight, obesity and physical inactivity in 20-to 29-year-old men and to analyze whether sociodemography, physical dysfunction and low socioeconomic status are independent correlates of obesity and physical inactivity. Design: Population-based, cross-sectional study. Subjects: Seven hundred and eighty-three Caucasian, Danish men, aged 20-29 years recruited from 2042 respondents in a questionnaire survey of 3000 men, randomly drawn from the Danish Civil Registration System. Methods: Questionnaire, interview and physical examination. Results: The 783 included men and the 2042 questionnaire respondents matched the background population demographically. The 783 men matched the questionnaire respondents as regards BMI, physical activity, chronic disease, medication, smoking, sociodemography and socioeconomic status. The prevalence of overweight and obesity was 31.7 and 7.9%, respectively (World Health Organization criteria). Using waist circumference (WC) cutoffs of 94 and 102 cm, the prevalence was 16.2 and 10.6%, respectively; 24.4% were physically inactive. BMI and WC increased significantly from age 20 to 29 years. Physical activity decreased significantly with age and correlated inversely with WC, but not with BMI. Occupation, geography, partner status, fatherhood and tobacco exposure were independently related with obesity and physical inactivity. Obesity was also related to musculoskeletal complaints, whereas chronic diseases and low educational level were associated with physical inactivity. Age was not independently related with either outcome. Conclusion: In affluent societies, sociodemographic changes may partly explain the age-related decrease in physical activity and the parallel increase in WC and BMI.
Introduction
Obesity and smoking are recognized as major negative determinants of health and life expectancy in Western societies. 1 While the prevalence of smoking can be efficiently reduced by legislation and public information, 2 the prevalence of obesity continues to rise in most parts of the world. [3] [4] [5] [6] [7] [8] [9] Based on self-reported data, the prevalence of overweight and obesity in Denmark has increased in young adult males during the last decades, 3 but this has not been confirmed using direct measurement. Knowledge on the prevalence of overweight, obesity and physical inactivity as well as the identification of independent correlates of these outcomes facilitate the targeting of information campaigns and the prediction of future requirements in health-care systems. It is generally agreed that genetic susceptibility combined with a chronic positive energy balance are key features in the development of obesity. Hereditary factors account for 50-70% of the variability of BMI in twin studies. 10, 11 The prevalence of overweight, obesity [3] [4] [5] 8, 9, [12] [13] [14] and physical inactivity 8, [15] [16] [17] increased with age in mixed groups of adolescents, young adults and middle-aged men. However, age heterogeneity may bias the identification of correlates due to cohort effects and because young and elderly men may report physical activity and other parameters differently.
In an attempt to describe some of the environmental factors accounting for the non-inheritable remainder of the variability in body fatness, Swinburn and Egger 18 recently introduced a model entitled 'The runaway weight gain train'. The default direction of this train is downhill owing to the obesogenic environment in Western countries. In addition, accelerators or vicious cycles like mechanical dysfunction and low socioeconomic status promote an increasing downhill momentum. The mechanisms of these vicious cycles may come into play in young adulthood (i.e. lower back pain, knee injuries, excessive alcohol intake and unemployment). In addition, the downhill slope of the obesogenic environment is likely to become steeper in early adulthood owing to a shift in priorities favoring education, occupational career, partnership/marriage and having children at the cost of leisure time physical activities.
We conducted a population-based cohort study of 783 Danish men, aged 20-29 years, with the primary objectives to (1) estimate the prevalence of overweight, obesity and physical inactivity and (2) identify correlates of obesity and physical inactivity. We also hypothesized that the prevalence of overweight and obesity depends on the measure of adiposity (i.e. BMI or waist circumference (WC)) and the mode of acquisition of the data (questionnaire or direct measurement). Finally, we examined whether age was related to adiposity and physical activity within this age group, and if so, whether such relations could be accounted for by environmental differences.
Materials and methods
Odense Androgen Study is a cross-sectional, populationbased study planned for the inclusion of 800 Caucasian men between 20 and 29 years, living in the County of Funen. The 473 500 inhabitants of this county have easy access to the county's first city, Odense (maximum distance 50 km), and comprise a representative 9% of the total Danish population. 19, 20 A preliminary questionnaire with return envelope was mailed to 3000 men, randomly drawn from the Danish Civil Registration System (CRS). Since 1968, the CRS has assigned a unique 10-digit personal identification number to all residents and newborns in Denmark. 21 One reminder was sent to non-responders. 
Registry data
Age and postal code issued by the CRS were recorded. The postal codes were recoded into rural and urban areas (five towns/cities all providing county institutions like hospitals and high schools and having between 20 000 and 200 000 inhabitants). The expected distribution of age and geography in a random sample of 783 men (Table 1a) Questionnaires Questionnaire 1. The answers of the 2042 questionnaire respondents were used to characterize the 20-to 29-year-old, male population on multiple parameters not accessible from the Statistics Denmark. The purpose was to calculate the expected distribution of these parameters in a random sample of 783 men for comparison with the observed distribution of the 783 included men: self-reported BMI was computed from the self-reported height and weight of the 2042 respondents. The World Health Organization (WHO) criteria were applied for a division into underweight, normal weight, overweight and obesity (BMI o18.5, o25.0, o30.0 and X30.0 kg/m 2 ). The 2042 men also provided information about physical activity in fitness centers (never, previous or currently active), bicycling (km/week), jogging (km/week) and any other sports (h/week). Continuous data were categorized into adjacent deciles for the comparison of the expected and observed distribution of the physical activities. We also generated a binary outcome separating the men with no physical activity from the remainder and a summary outcome of the number of physical activities (0-4) that the subjects engaged in. Finally, the questionnaire provided categorical information about chronic disease, medication, tobacco, residence, partner status, children, education and occupation (Table 1b) . To avoid categorical variables with small subgroups, the following variables were reduced or simplified: (1) two binary variables were created Personal interview, county hospital records and physical examination Any lack of clarity regarding the questionnaires was solved in a personal interview and if necessary from electronic county hospital records. All subjects were specifically asked if they had any chronic disease or symptoms indicating musculoskeletal or pulmonary illness. The questionnaire data on tobacco exposure and alcohol were double-checked. A physical examination was performed to further substantiate the information retrieved by the questionnaires and the interview. Binary variables were created for the following variables: (1) asthma based on a diagnosis or current use of inhaled corticosteroids or beta-agonists, (2) musculoskeletal complaints based on a diagnosis of Mb. Scheuermann, Mb. Bechterew, other rheumatologic diseases, chronic spinal/ lower extremity pain, chronic use of non-steroidal antiinflammatory drugs or fractures of the spine/lower extremities within the last year, and (3) chronic disease based on a chronic systemic disease, neurological sequels to a previous trauma or the requirement of continuous medication (i.e. antiepileptics and antidepressants).
Adiposity outcomes
Body weight (Seca, Denmark) and height measured by a stadiometer were recorded and BMI was computed. Overweight and obesity were defined as BMI X25 and 30 kg/m 2 , respectively. Obese men were not included in the overweight group. WC was measured between the iliac crest and the lower ribs in an upright position, with the legs slightly spread. The cutoffs introduced by Lean et al. 22 were used as alternative definitions of overweight (WCX94 cm) and obesity (WCX102 cm).
Data analysis
The representativeness in terms of age and geography of the questionnaire respondents as well as the 783 included men was tested using the binomial probability test because the exact probabilities of these parameters were known. The Fisher's exact test was used to compare the expected distribution of the parameters in Questionnaire 1 with the observed figures of the included men. The Bland-Altman difference plot with 95% limits of agreement was used to evaluate the agreement between the self-reported and the measured BMI. These BMIs as well as their difference (DBMI) were not Gaussian or log-Gaussian distributed. Hence, the Mann-Whitney test was used for comparison of BMI and DBMI between groups. Age trends of adiposity and physical activity were analyzed using the non-parametric trend test. Adiposity and physical activity were correlated using Spearman's rank correlation. Mantel-Haenszel's age-adjusted odds ratios (OR) with 95% confidence intervals (CI) were used to 
Age ( Prevalence and correlates of obesity and physical inactivity in young men TL Nielsen et al express the relation between the categorical variables and outcomes. Finally, robust multiple logistic regression analyses were performed. Data were analyzed using Stata Statistics/Data Analysis, version 8.2 (StataCorp LP, College Station, TX, USA). Categorical variables with three categories and interaction terms were treated as indicator (dummy) variables using the Stata interaction expansion utility (xicommand), which circumvents the issue of ranking categorical variables. The level of significance was set at Po0.05.
Results
The 2042 questionnaire respondents and the 783 included men matched the total 20-to 29-year-old male population of the county on age and geography (Table 1a ). The 783 included men matched the 2042 questionnaire respondents on all questionnaire items (Table 1b) 
Self-reported and objectively assessed BMI
The mean self-reported BMI was 0.5 kg/m 2 lower than the measured BMI. The 95% limit of agreement ranged from À2.8 to 1.8 kg/m 2 ( Table 2 ). The divergence from zero (DBMI)
increased significantly with increasing level of adiposity, owing to under-reporting of body weight and over-reporting of height by overweight and obese men ( Table 2 ). There was no significant trend between under-reporting of weight and the time elapsed between the questionnaire and the examination (P ¼ 0.43).
Prevalence of overweight, obesity and physical inactivity Based on the 2042 self-reported BMIs, the prevalence of overweight and obesity was 26.5 and 6.3%, respectively (Table 1b) . Based on the 783 measured BMIs, the prevalence was 31.7 and 7.9%, respectively. Using the WC, the figures were 16.2 and 10.6%, respectively. One in every four men (24.4%) was physically inactive. The concordance rate between BMI and WC was 76.4% when categorizing the subjects as normal weight, overweight or obese. Of the 185 discordant cases, two-thirds (124 men) had a WCo94 cm, yet they were categorized as overweight using the WHO criteria. No subjects were categorized as normal weight by one measure and obese by the other.
Relation between age, adiposity and physical activity In our study population of 783 men, we found significant direct relations between age and BMI and particularly between age and WC (Table 3) . Body weight also increased significantly with age (Table 3 ). Significant inverse relations were observed between age and the number of physical Prevalence and correlates of obesity and physical inactivity in young men TL Nielsen et al activities carried out, current fitness center activity and the weekly hours spent with other sporting activities (Table 3 ). Significant negative correlations between the physical activity parameters and WC were observed with all activity parameters, aside from current fitness center activity ( Table 4 ). The mean WC of the physically inactive men was 91.9 cm, whereas the means of men with one, two, three and four activities were 89.6, 88.1, 86.5, and 86.1 cm, respectively. BMI and body weight did not correlate significantly with any of the activity parameters, with the exception of bicycling.
Univariate analyses Sociodemography. The ORs for obesity (Table 5 ) and physical inactivity (Table 6) were increased in men living in rural areas. Non-students had a higher OR for physical inactivity. The ORs for obesity (using WC) and inactivity were raised in men with children. Men sharing the same address as their partner and single men had elevated ORs for obesity (using WC) and inactivity as compared to men not sharing the same address as their partner.
Physical dysfunction. The ORs for obesity were lower in men moderately exposed to tobacco compared to unexposed men (Table 5 ). Compared to moderately exposed men, the ORs for obesity were increased in heavily exposed men (OR: 6.9, 95% CI: 1.7, 27.9, Po0.005 using BMI and OR: 5.5, 95% CI: 1.7, 18.1, Po0.005 using WC). The ORs for physical inactivity (Table 6 ) were elevated in both moderately exposed and heavily exposed men. Among smokers, a higher OR for inactivity was found in the heavily exposed men (OR: 2.4, Prevalence and correlates of obesity and physical inactivity in young men TL Nielsen et al 95% CI: 1.4, 4.4). The ORs for obesity were higher in men with musculoskeletal complaints.
Socioeconomic status. Increased ORs for both outcomes (Tables 5 and 6 ) were observed in men with o12 years of education. Excessive alcohol intake and unemployment were also directly related to physical inactivity.
Multiple logistic regression models Interactions. A significant interaction between occupation and geography was found for both outcomes of obesity Trend of odds (ranked as listed): P ¼ 0.4 using BMI, P ¼ 0.5 using WC. *Po0.05; **Po0.005; ***Po0.001. Prevalence and correlates of obesity and physical inactivity in young men TL Nielsen et al (Po0.05), but not for physical inactivity. Thus, an interaction term discriminating between urban students, rural students, urban non-students and rural non-students was included in the analyses of obesity. No significant interaction between fatherhood and partner status was found for any outcomes, but more than 90% of the 122 fathers had a partner with whom they were living together. Hence, additional analyses were performed with the inclusion of partner status and exclusion of fatherhood, and vice versa.
No interactions were observed between alcohol intake and tobacco exposure or between musculoskeletal complaints and chronic disease.
Obesity. Increased ORs for obesity (defined by WC) were found in non-students from rural areas, men living with their partner, single men, heavily tobacco exposure, nonsmokers, men with musculoskeletal complaints and in fathers (Table 7a ). With the exception of fatherhood and partner status, the correlates were identical when obesity was defined by BMI (data not shown). Age was not independently associated with obesity.
Physical inactivity. The largest OR was found in men with a heavy tobacco exposure (Table 7b) . Secondly, physical inactivity correlated independently with chronic disease and low educational level. Finally, all four sociodemographic variables were significantly related to physical inactivity. Age was not independently related with inactivity.
Discussion
In the present study, the direct relation between age and adiposity was particularly pronounced when using WC as Prevalence and correlates of obesity and physical inactivity in young men TL Nielsen et al the measure of adiposity. In young men, comparable increases in BMI and WC with age have previously been reported in a family study, 23 in cross-sectional series, 8, 24 and in a longitudinal cohort study. 25 Moreover, we observed an inverse relation between age and physical activity, but only found one report of such a relation in young men. 15 In the multiple logistic regression analyses, however, age was not independently related with obesity or physical inactivity. In its place, the sociodemographic variables and some variables of physical dysfunction accounted for the associations with age. Also, low educational level partly accounted for the relation between age and physical inactivity. We found the highest ORs for obesity in rural nonstudents. This finding was not restricted to the specific group of rural non-students when the outcome was physical inactivity, where increased ORs were found for both nonstudents and rural men in general. Similar inverse associations between adiposity and urbanization have previously been reported in Swedish, US, Canadian and Danish populations, 6, 12, 13, 16, 26 but we are not aware of any data in the literature about an inverse relation between physical inactivity and urbanization. Neither did we find any studies reporting an increased likelihood of adiposity in nonstudents compared to students. Two previous studies investigated the topic of fatherhood and adiposity, but only in men aged 40-90 years. 27, 28 In the Rancho-Bernardo Study, 27 there was no difference in BMI or waist/hip ratio between men with 0, 1, 2, 3 or 4 children (mean age: 74, 74, 72, 67 and 65 years), but an overall significant, positive trend was observed when a small group of men with five or more children (mean age 63 years) were included. Apparently, this study suffered from imbalance as regards age. In the Health and Retirement Study, 28 the number of children of 4523 fathers living with their spouse were directly related with obesity (OR: 1.04, 95% CI: 1.01-1.08), but this study did not include men without children. We did not find any reports on a relation between physical activity and fatherhood. Partner status was also an independent correlate of both outcomes: men living together with their partner were more likely to be obese as well as physically inactive than men not sharing the same address as their partner. In addition, single men had a significantly elevated OR for obesity. In a longitudinal setting with a heterogeneous age distribution, Rissanen et al. 29 studied 12 669 Finnish men for 5.7 years and found that marriage was associated with weight gain. In a WHO technical report, the expert committee states that such findings 'suggest that major changes in lifestyle connected with marriage may promote weight gain in affluent societies' 30 . However, different theories of causality exist for the relations between sociodemographic variables and adiposity. 31 Gortmaker et al. found that obesity in adolescence had important social consequences including low educational level and a lower likelihood for boys to be married. 32 This may explain why we found a higher proportion of obese singletons. As a consequence, and because semen quality is reduced in obese men, 33 one would expect obesity to be a negative determinant of fatherhood. Our observation of a positive relation between fatherhood and obesity indicate that obesity may also be a consequence of fatherhood. As to physical inactivity, our findings in relation to partner status are in line with the physical activity scores of 18-to 30-yearold men in NHANES III. 15 We observed that moderate tobacco exposure was related with lower ORs for obesity when compared to heavy as well as no exposure. A biologically plausible explanation could be the following: the resting metabolic rate is increased in smokers, 34 which might explain the difference between the non-exposed and moderately exposed men. Regarding the heavily exposed subjects, physical inactivity must also be taken into consideration: We demonstrated that the highest OR for physical inactivity was that of the heavily exposed men. This was also observed in young men in NHANES III. 15 Consequently, a reduced work metabolic rate in the heavily exposed men may lead to a net decrease in total energy expenditure in spite of an increased resting metabolic rate. Socioeconomic status was not independently related to adiposity in our study, but we did find a direct relation between educational level and physical inactivity in the multiple regression model. An inverse relationship between socioeconomic status and adiposity is found in most studies of young women in developed countries, but the existence of a relation in young men is controversial. 35 The relation with inactivity is in accordance with the study by Lindstrom et al.
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Prevalence of overweight and obesity In our cohort of 783 clinically examined, 20-to 29-year-old, Caucasian, Danish males, the prevalence of overweight and obesity was 31.7 and 7.9%, respectively (WHO criteria). The prevalence of obesity was 4.6% in the most recent, large Danish survey of 4300 men, aged 18-21 years, who were measured at a regional military draft board in 1993-1994. 37 Most Danish men appear before the draft board, with the exception of approximately 10% suffering from musculoskeletal complaints and other chronic diseases, which may consequently bias such data. Direct comparisons with our results are not possible, owing to the lower median age of the military draftees. In 1992, Heitmann et al. 4 found a prevalence of 9.4% in a smaller cohort of 200 Danish men aged 30 years. Our data indicate that the prevalence of obesity has not been rapidly increasing in young Danish men during the last decade. The prevalence of obesity in our cohort was quite similar to the 8.5% observed in 1997 in a population-based study of 5957 Norwegian young males. 5 The prevalence of obesity in England in 2003 was 8.6 and 17.5% among 16-to 24-and 25-to 34-year-old men, respectively, 8 suggesting a somewhat higher prevalence of obesity compared to our results. In the US, the prevalence of obesity in young, non-Hispanic white men is around 20%.
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Based on the 2042 self-reported BMIs, the prevalence of overweight (26.5%) and obesity (6.3%) were lower than the prevalence found using objectively measured BMI. These values are in line with a Danish survey based on self-reported BMI from 2001, in which the prevalence was 23-24 and 7.5%, respectively. 3 However, the self-reported prevalence was lower than the measured figures because of considerable under-reporting of body weight as well as over-reporting of height in the included cohort of 783 men. Indeed, the likelihood of under/over-reporting was higher in the overweight and especially in the obese men. This is in line with previous reports.
39,40
Physical activity and adiposity We found a significant, inverse relation between WC and cycling, jogging, other sport activities and the numbers of physical activities engaged in. Negative associations between physical activity and body fatness as well as between energy expenditure and body fatness has been documented in numerous cross-sectional 29, 41, 42 and longitudinal studies. 29, 43, 44 The vague associations between physical activity and BMI may reflect a relatively poor specificity of BMI as a measure of overweight, which is particularly relevant in young, muscular men. This view is supported by other studies [45] [46] [47] [48] and by data from dual-energy X-ray absorptiometry obtained for all 783 men (personal data, unpublished): when using a cutoff for overweight of 20% body fat, the specificity using WC was 92.0%, but only 77.9% for BMI. Hence, the prevalence of overweight in our study as defined by BMI (31.7%) is probably an over-estimate, which may explain the disagreement with the prevalence of overweight using WC (16.2%).
Representativeness
Prevalence studies with voluntary attendance have been accused of bias because non-attendance should be higher with increasing BMI, low educational level, low social class, young age and with the distance of residence. 49 We demonstrate that this point of view cannot be regarded as an undisputable paradigm, because the 783 included subjects matched the background population on every single distributional parameter (age, geography, BMI, chronic disease, medication, physical activity, smoking, education, occupation, partner status and fatherhood). The study was specifically designed to evaluate whether the cohort could be regarded as a representative sample of the young, male population. The Danish CRS allowed for a population-based recruitment of subjects.
21,50

Limitations
In our cross-sectional design, cohort effects may have biased the univariate observations between age and both outcomes. Studies of the secular trends in male obesity and physical fitness indicate an increase in body fatness and a decrease in fitness in Danish adolescents in recent decades. 37, 51 This implies that any bias owing to cohort effects would lead to an under-estimation of the relations between age, adiposity and physical activity. Our analyses of the relations between socioeconomic status and the outcomes did not include information about parental socioeconomic status. Moreover, educational level is a 'dynamic' parameter in men of this age group: in fact, 76 out of the 158 persons who reported 'no completed education beyond basic school' were currently students or on the brink of commencing a study at the time of inclusion. Finally, our study was not designed to include data about food intake. These aspects may have influenced our results.
Summary
The prevalence of overweight, obesity and physical inactivity in 20-to 29-year-old, Caucasian, Danish men was 31.7, 7.9 and 24.4%, respectively. The sociodemographic variables were independent correlates of obesity and physical inactivity, supporting the hypothesis that -in affluent societiesthe building of a family life and the progression towards an occupational carrier during young adulthood might impose a change in priorities with reduced physical activity, which in turn could bring about a weight gain. Awareness about physical activity should be communicated to the specific groups identified.
